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ORACLE — An Information Broadcasting Service Using 
Data Transmission in the Vertical Interval 



By g. a. Mckenzie 



The Independent Broadcasting Authority is at present testing a system for in- 
formation broadcasting using binary-coded data in the vertical interval of the 
television signal. At the receiver, individual "pages" of information may be selected 
from the fifty different pages available in the present trial system. The information 
is then stored and may subsequently be displayed continuously. It is expected that 
the service would eventually be used for information such as weather forecasts and 
stock prices. The present system allows for the transmission of simple graphics and 
further extensions to the facilities are envisaged. 



Introduction 

The use of "Insertion Data Signals" 
to carry information in the vertical in- 
terval of television signals for service 
use has been reported from several 
sources (for example, Refs. 1-4). In a 
paper describing "SLICE" — equip- 
ment for data transmission on the Inde- 
pendent Broadcasting Authority (IBA) 
network for the purpose of labeling of 
signal sources — published in September 
1972 in the United Kingdom, 6 Hutt 
looked forward also to domestic use of 
such an information channel in the U.K. 
Insertion data systems for such informa- 
tion broadcasting have been reported (for 
example, in Refs. 6 and 7), and interest 
in this topic has been increasing as the 
estimates of the cost of the necessary 
receiver hardware continue to fall be- 
cause of the availability of LSI (large- 
scale integration) techniques. Both the 
British Broadcasting Corp. (BBC) and 
IBA are now conducting experimental 
transmissions in the U.K. using systems 
called CEEFAX 8 and ORACLE,* re- 
spectively. 

This paper describes the main fea- 
tures of IBA's ORACLE system and 
gives some information on current ex- 
periments. ORACLE (an acronym for 
Optional Reception of Announcements 
by Coded Line Electronics) is now at an 
advanced stage of engineering develop- 
ment, with continuous test transmis- 
sions. Studies are currently in progress 
with the objects: 

(1) to determine the best form of modu- 
lation for the data ; 

(2) to determine the specification for 
data and display format; 

(3) to determine other characteristics, 
for example those which may be desir- 
able from the subjective point of view; 
and 

(4) to determine the course of further 
development. 
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Data Format — General 

The form of modulation at present 
employed for the inserted binary data 
is "complemented element" in which a 
"1" element followed by a "zero" ele- 
ment represents binary digit "1" and a 
"zero" element followed by a "1" repre- 
sents a binary digit zero. This is illus- 
trated in Fig. 1. The signal has many 
zero-crossings at intervals of 200 ns so 
that the rectified signal contains a strong 
timing component at 5 MHz. The 
receive clock may therefore be generated 
accurately, even in the presence of noise 
and distortion. 

The clock frequency is 5 MHz at 
present. Confidence had been gained in 
over-air reception of this form of modu- 
lation in experiments conducted by the 
IBA in 1971. 10 Subsequently the method 
was adopted for experimental use by 
other broadcasting organizations in 
Europe. 

The sequence of the data inserted into 
one television line is as illustrated in 
Figure 2. As may be seen, each tele- 
vision line used for data transmission 
contains 123 bits and includes a "seg- 
ment" of 10 characters of the message 
which is ultimately to appear on the 
viewers' screens. In the present system 
(the 625-line System I 11 ), 40 characters 
form each line or "row" of the mes- 
sage as it will appear on the screen, 
and four segments must therefore be 
transmitted for each row of characters. 
These might be transmitted in two 
successive fields by the use of lines 
17, 18 and 330, 331, but the system 
also allows for the use of other combina- 
tions — for example the use of line 16 
only — to support the transmissions. 
Line 16 was chosen as it is an accepted 
standard of CCIR (the International 
Consultative Committee on Radiocom- 
munications) that this line should be 
reserved for data transmission purposes. 12 

Referring again to Fig. 2 the following 
features may be described : 

"Run in": allows receiver decoding 
clock synchronization. 

"Start": contains two breaks in the 
complementation code. The unique code 
increases security of the detection of the 
start code of the ORACLE message, 
differentiating against "picture" in- 



formation without reference to the stan- 
dard television synchronizing signals. 

11 Data Label": allows for future sys- 
tems in which different types of informa- 
tion may be transmitted. 

Page Number: refers to the page number 
which would appear on the viewers' 
screens; 6 bits are allowed here at present 
but this may later be changed to 8 bits 
BCD (binary-coded-decimal). 

Row Number: allows the particular row 
of the displayed caption to be addressed. 

Segment Number: allows the particular 
segment of a row to be addressed. 

Sub-Page Number: allows for the trans- 
mission of extra material, or of more 
detailed information relating to a page. 

Commands ("Spare** "Display Type" 
"Control Bit," "Clear"): allow~for the in- 
terpretation of the following characters, 
and would therefore permit (for example) 
a change of mode from segment to seg- 
ment. 

Characters: 8 bits are allowed per char- 
acter and typically this would provide 
for a full ASCII character set and 
special symbols. (ASCII — American 
Standard Code for Information Inter- 
change.)* 

Power Density Frequency Spectrum 

The spectrum for the complemented 
element transmission has been calcu- 
lated by Hutt 15 and is reproduced in 
Fig. 3. As may be seen there is a strong 
component at 2.5 MHz which allows for 
accurate extraction of the clock phase 
even in noisy conditions and there is no 
dc component, which allows simplifica- 
tion of the slicing and detection circuits 
in the receiver. 

"Adaptive" Mode of Transmission 

ORACLE transmissions have sepa- 
rately-addressed segments. This means 
that the transmission may be "adapted'* 
to page contents so that segments which 
do not contain information characters 
are not transmitted. This reduces the 
transmission time. A typical ORACLE 
"magazine" of 50 pages — that for 8 
August 1973 — was analyzed and it was 
found that use of the adaptive mode 
meant that the magazine could be trans- 
mitted in 68% of the time which would 
have been needed if character "blanks'' 
were transmitted. It was also found that 
adaptive transmissions with addressed 
blocks of data one segment long gave a 
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♦ASCII is concerned with a binary code which 
may be used to define sets of letters, numbers 
and other symbols for use in data processing and 
transmission. If 7 bits are available for each 
character then 2 7 = 128 characters may be 
coded and the Standard defines the code to be 
used for each. 
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Fig. 1. The "complemented element*' form of modulation, 
presently employed for ORACLE transmissions. Signals ex- 
tend from black level. The element — or clock — rate is ap- 
proximately 5 MHz (data rate = 2.5 Mb/s approximately). 





Fig. 2. Allocation of data bits within one television line. 
For "System I" the line period is 64 ms and the period 
available for data is about 52 ms. 



FREQUENCY MHz 
Fig. 3. Power-density spectrum for the 
complemented element transmission. It 
represents both single bit and random 
pulse train. The spectrum is well-situated 
in the video bandwidth (of 5.5 MHz) 
with very little energy below 100 kHz 
or above 4.5 MHz, having zeroes at zero 
frequency and at 5 MHz. 



transmission time which was 82% of the 
time which would have been needed if 
! 'locks had been one complete row in 
length. 

A typical page of an ORACLE maga- 
zine is shown in Fig. 4. 

The ORACLE Transmitter System 

The experimental transmitter system 
is based on a small general-purpose com- 
puter. A block diagram of the hardware 
i> shown in Fig. 5. The computer system 
actually in use at present is a Honeywell 
:)DP 516. This system supports other 
•'n?i neering work as well as the 
ORACLE experiment and is a bigger 
system than would be needed for a dedi- 
cated ORACLE system, even after, al- 
lowing for many : 'magazines' * in store. 
■The present system uses only a small part 
ol the capacity of a 3.2-megaword disc. 




Fig. 4. A typical page from the present engineering test ORA- 
CLE system. On the top line (left to right) are shown the 
ORACLE page numbers being transmitted, the number of the 
page which is being displayed, the time of issue of the informa- 
tion and the clock time. 



Computers such as the Honeywell H-316 
might be used in a dedicated system, 
with a small disc unit. 

The computer outputs the 112 bits for 
each television line in the form of seven 
1 6-bit parallel words to the interface/ 
controller unit. Data pass serially from 
there to the Data Coder which actually 
constructs the signal. The signal is then 
inserted into the main video path by the 
use of standard inserter equipment of 
IBA design. 13 This equipment contains 
fast electronic switches to allow the 
video signal to be replaced during the 
time of a preselected line in the vertical 
interval, by data fed to one of four input 
sockets. 

The system allows editing to proceed 
without interruption to the normal flow 
of data from the disc store to the data 
inserter equipment. The store may be 
large enough to allow storage of hundreds 
or even thousands of pages, complete or 
in preparation, so that magazines may 
be changed instantly, under the control 
of an editor, to suit time of day, day of 
week, and so on. Also, many more edit- 
ing positions may be used, to allow con- 
tributions from ' 'specialist* * editors. The 
use of a general-purpose computer also 
permits direct connection of the system 
to external sources of information such 
as stock exchange quotations. 



Software 

Software written for the experiments 
allows for the recall of any of 50 pages of 
information for editing on the visual 
display unit (VDU) without interference 
with the normal running of the system. 
When editing and checking are com- 
pleted the new page may be inserted into 
the system without any pause or dis- 
continuity in transmission. 

Data for new pages may also be 
entered by punched paper tape. The 
"pages" may be output at any time to 
the line printer, for record purposes. 

Software features are perhaps best 
illustrated by a list of keyboard functions 
as follows: 

EX-Contents of one page are transferred 
to another (with the exception of page 
numbers). 

DI-Display (the specified page). 

WR-Write — If a page is currendy being 
displayed on viewers* screens this 
command causes the screen to be 
cleared and then writes the updated 
page. 

AM-Amend — This command doesn't 
clear the viewers' screens and only 
the amended portion will be seen to 
change. 

TA-This command allows tape to be read 
from the tape reader into computer 
store. 
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Fig. 5. Block diagram of the ORACLE origina ting-system 
hardware. 



Fig. 6. Experimental demonstration receiver equipment employing 
a modified domestic TV receiver. 



DA-(followed by date) Enters the date into 
store. 

PR-Print — Allows the contents of the 
magazine to be printed on a line 
printer. 

OR-Return to ORACLE — This starts 
- the transmissions of ORACLE. 

ST-This stops the ORACLE transmis- 
sions altogether, but allows editing to 
proceed. 

The system may be further refined 
by software in the future, to provide 
facilities such as: 

(1) Interactive optimization of layout 
for minimum transmission times. 

(2) Interactive design of graphics for 
acceptable transmission times and ap- 
pearance. 

(3) Calculation and display on de- 
mand of the access times for information 
from any page. 

(4) Storage of extra pages or com- 



plete magazines which are in process of 
compilation or which it is desired to dis- 
play at particular times. 

(5) Hard copy record of individual 
pages or magazines. 

(6) Automatic index updates. 

(7) Automatic logging of "air-time" 
of particular pages or page content. 

(8) Code or format conversion from 
other information systems. 

(9) Captions for the deaf, f 

The Experimental Receiver 

Figure 6 is a block diagram of the 
receiver. The mechanism of operation is 
as follows. The entire video signal is 



fBy using a "special" page number, captions 
may be transmitted within one field of the 
nominal point in program time. For further 
information on a similar system which is in- 
tended as a service for the deaf see paper by 
Ball and Wells.* 



passed to the data receiver which checks 
for the presence of the unique ORACLE 
start code. On detection of this, the code 
corresponding to the selected page num- 
ber is sought. On coincidence, the page 
information is fed to the text signal gen- 
erator input store. Twelve words at a 
time are clocked into the store; the first 
word defines the row and segment ad- 
dress (refer again to Fig. 2). At the 
appropriate time the input store is 
clocked into the page store and thence 
into the row store. The row store circu- 
lates to drive the character generator and 
then feeds back its contents to the page 
store. This means that a complete page 
can be displayed continuously even after 
the input data signal is removed. 

From the text signal generator the 
signal may either be added to the video 
in the text adder or it may be substituted 
for the video signal through the text 
signal video converter. 

It is anticipated that future production 




Fig. 7. Modified receiver and ORACLE control box. 



Fig. 8. An early stage of development of an ORACLE graphics 
facility. Each of the 64 ASCII characters is interpreted in the 
graphics mode as a different arrangement of six dots in a 2 X 
3 matrix. 
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receivers would concentrate the equiva- 
lent of this ancillary equipment into one 
or two LSI (large-scale integration) 
packages and that the consequent in- 
crease in cost for a 25-in (64-cm) color 
receiver would be only about 1 0%. 

A standard domestic TV receiver was 
modified (using discrete components) to 
display the ORACLE test transmission 
from the London IBA transmitter. The 
receiver modification was simple — the 
video signal path was interrupted at a 
suitable point to allow ORACLE text 
decoding and text addition in external 
equipment, as shown in Fig. 6. The use of 
such a standard receiver was helpful in 
that it allowed representative demon- 
strations of the system to be given to non- 
technical audiences in the laboratory. A 
general view of the modified receiver 
and control unit used in the laboratory 
tests is shown in Fig. 7. 

The required page number was se- 
lected on the numeric keyboard on the 
control box which also allowed for a 
choice of display modes — white on 
black ground, black on white ground 
(as shown), or superimposition on the 
normal program material. The text 
shown on the display in this case relates 
to an experimental transmission which 
has been radiated throughout program 
lime from the IBA's London UHF trans- 
mitter since 6 April 1973. 

Display Format 

For the experimental system a page 
format of 22 rows of 40 characters each 
has been adopted. This gives the follow- 
ing system characteristics, with two lines 
per field in use for the transmissions. 

Characters per row 40 

Rows per page 22 

Characters per page 880 

Maximum page transmission 

time 0.9s 

Mean access time to the selected 
page for 50-page magazine 
having average contents J. . 16 s 

The first row of each page carries an 
identification and in addition the date 
and time in hours, minutes, seconds so 
that every viewer, no matter which of the 
ORACLE services he is watching, will 
always have available the equivalent of 
an accurate digital clock. As an example 
the first row might read : 

ORACLE 06 PAGE 18 ISS 10 10 
14:53:07. 

This would identify the page being 
transmitted at that particular moment 
as 06, the page of information being dis- 
played as page 18, the time at which the 
information was current as 10:10 and 
the present time to the nearest second. 

}Note that a "SO-page" magazine actually has a 
{ ota] of 55 pages to allow for six transmissions of 
l hc "Index" page in each cycle. Thus the mean 
access time for the Index is about 2.7 s. 

McKenzie. 



ORACLE Graphics 

The present experimental system al- 
lows for transmission of simple line draw- 
ings such as maps for weather forecasts. 
The graphics information is displayed by 
use of a simple "dot" 2X3 matrix in 
place of each character, when the "dis- 
play type" bit is set in the command 
word (See Fig. 2). Figure 8 — a rather 
stylized but quite recognizable map — 
illustrates the present early stage of devel- 
opment. The potential increase in cost 
for production receivers to display gra- 
phics information of this sort is very 
small. This is because the pattern of 
"dots" forming each graphics "char^ 
acter" may be formed simply from 
ASCII-coded characters, the decode 
process relying upon a simple shift 
register instead of a read-only memory. 
(ROMs are arrays of semiconductor 
storage elements. The state of each ele- 
ment may be set to represent either 1 or 
0 in a programing process after which 
the array forms a permanent store of the 
desired pattern of Vs and 0's. Such a 
pattern could, for example, represent all 
the characters of an ASCII-coded set.) 

Standardization of Public Information 
System Characteristics 

The first engineering test transmissions 
in the U.K. began from the London IBA 
transmitter on 3 April 1973, and these 
were followed on 6 April 1973 by con- 
tinuous transmissions throughout pro- 
gram times. Line 16 of the television 
signal was used (i.e., only one TV line 
every other field) to transmit the "test 
caption" noted in Fig. 7. On 20 May 
1973 parallel transmissions were made 
using lines 17, 18, 330 and 331. These 
more elaborate transmissions were of 
50 different pages of ORACLE informa- 
tion from the computer system which 
has been described. Such full 50-page 
transmissions are not made continuously 
at the present time but are repeated at 
intervals for special demonstrations and 
tests. Currently, preparation is being 
made for more elaborate test caption 
transmissions, perhaps from two or three 
IBA transmitters in different parts of the 
U.K. 

These tests represent only the first 
stage in a program of work in coopera- 
tion with the BBC and the British Radio 
and Electrical Mfrs. Assn. (BREMA) 
which aims to support studies of pos- 
sible transmission standards for a public 
information service for the U.K. Until 
one standard is agreed, regular public 
services cannot be started. 

Standardization studies center on two 
main aspects: 

(1) The actual form of modulation to 
be used for the binary coded data; and 

(2) The page "format" (i.e., number 
of characters per row, number of rows 
per page), and its relationship to the 
data transmission format. 

Regarding the form of modulation, 



it is planned that two systems will be 
tested jointly by IBA arid BBC engineers 
at various field locations. The test sig- 
nals will be provided by transmissions 
at UHF by both the BBC and IBA and 
these will allow comparisons of error 
rates and the general subjective impres- 
sions of the CEEFAX and ORACLE 
systems in field conditions. The BBC 
CEEFAX system currently uses NRZ 
(nonreturn to zero) coding with clock 
frequency 4.5 MHz, and, as has been 
described, the IBA ORACLE system 
uses "complemented element" trans- 
mission with clock frequency 5 MHz. 
"Complemented element" signals may 
be considered identical in their power 
spectrum to "biphase" signals, in calcu- 
lations of the receiver bandwidth re- 
quirements. For a discussion of NRZ, 
biphase and other classes of binary base- 
band signals see, for example, Houts 
and Green. 14 

It is regarded as desirable that the 
service areas for data transmissions 
should match as closely as possible those 
for the normal color TV services. Multi- 
path transmissions have been reported 
to have been troublesome to other work- 
ers, and particular attention will be paid 
to this form of distortion in the BBC/ 
IBA tests. 

Conclusions 

ORACLE — an experimental system 
for transmission of information to tele- 
vision viewers — has been described. 
This system uses data transmission in the 
vertical interval of the television signals. 
BBC and IBA joint field tests of this and 
of an alternative BBC system — 
CEEFAX — are in progress, with the 
aim to reach agreement on a joint pro- 
posal for a standard system for the United 
Kingdom. 
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A Novel Television Add-On 
ata Communication System 



By PATRICK T. KING 



A system for adding an auxiliary data channel to a standard NTSC television 
signal has been developed by taking advantage of the fact that for most scenes 
video voltage levels are very low in 2.5-MHz region. No use is made of the 
vertical or horizontal blanking intervals. A low-amplitude subcarrier is in- 
serted at an odd multiple of one-half the line-scanning frequency after being 
biphase-modulated by a specially clocked data stream. The signal is essentially 
invisible on a standard receiver but when processed by an add-on decoder 
the original information modulated on the signal may be recovered and dis- 
played on the receiver screen. A 21-kb/s data rate has been obtained with 
acceptable error rates. Applications of the add-on data communication sys- 
tem include: multilanguage subtitles, subtitles for the deaf, network communi- 
cations and teaching aids. 



quency in the 2.5-MHz region was there- 
fore selected as a reasonable compromise 
between perception of add-on interfer- 
ence in either the luminance or the 
chrominance channel. 

Those who are familiar with the de- 
velopment of band-shared color tele- 
vision systems such as the NTSC system 
will recognize that an odd multiple of 
half the line-scanning frequency was 
chosen for the add-on subcarrier because 
such a signal goes through an odd number 
of half-cycles during each television line 
and thus alternates in phase from line to 
line. This signal, when displayed on a 
television screen, will be of relatively low 
visibility because the signals on each time 



Luch attention has been given re- 
cently to using the vertical and horizon- 
tal blanking intervals of a television 
signal to carry additional visual informa- 
tion (ancillary signals). Such systems 
can display printed or pictorial informa- 
tion on a properly modified receiver 
along with the ordinary picture for the 
convenience of the viewer. In this paper 
we shall discuss a way to transmit such 
information — not using the blanking in- 
tervals — but instead using a part of the 
video signal spectrum where the video 
voltage levels are low for both chro- 
minance and luminance. 

System Principles 

Examination of the video frequency 
spectrum of typical televised scenes 
shows that the video energy is a minimum 
between 2 and 3 MHz (Fig. 1). A fre- 
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successive line are of opposite phase and 
tend to visually cancel each other. 

Figure 2 shows the results of some sub- 
jective tests in which the test subjects 
were asked to determine for various video 
color scenes at which add-on subcarrier 
level they "barely perceived" interfer- 
ence to the video display at a distance of 4 
times picture height. The horizontal 
axis represents the ratio in decibels of 
add-on signal-to-peak video. 

Transmitter Operation 

Figure 3 is a block diagram of the add- 
on transmitter. The television signal 
comes from any standard composite 
video source and would normally be the 
video modulation input to the transmitter 
for conventional television transmissions. 
The video signal is fed to the adder cir- 
cuit where a low-level add-on subcarrier 
is added to the video signal only during 
the active portions of the picture. Figure 
4 shows a video signal (A) and the add-on 
signal (B), not to the same vertical scale. 
The add-on signal is not transmitted 
during the horizontal and vertical blank- 
ing intervals. The add-on subcarrier is 
maintained at a level sufficiently low so 
that no visible interference can be seen 
on the television receiver screen. 



-45 



-25 



A MHZ 
♦FREQUENCY 



Fig. 1. Typical video frequency spectrum. 
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